Risk factors for leptospirosis in France were investigated to improve the vaccination program for this disease. Data from 90 hospitalized case patients and 169 matched control subjects were analyzed in a case-control study. Skin lesions, canoeing, contact with wild rodents, and country residence were independently associated with leptospirosis, emphasizing that leisure activity is a risk factor for this illness.
Leptospirosis is a zoonotic disease caused by serovars of the species Leptospira interrogans, and the incubation period is ∼10 days [1, 2] . The illness can vary from a benign infection, which can be a subclinical or self-limiting illness, to the fatal Weil disease [1, 2] . Leptospirosis is transmitted to humans by indirect or direct contact with infected animals [1, 2] . Exposure to the disease is often categorized as either occupational or nonccupational [1] , although in developed countries, leisure activities are increasingly associated with the illness [3, 4] .
In France, the surveillance of human leptospirosis is based on a voluntary laboratory reporting system managed by the National Reference Centre (NRC) [5] , and France has one of the highest reported incidences of this disease in western Europe (0.44 cases per 100,000 population in 1998) [6] . France is one of the few countries in which vaccination against leptospirosis is recommended and freely available for persons in specific professions [7] . The aim of this study was to identify the current risk factors for sporadic leptospirosis and to improve the guidelines for vaccination against and prevention of the disease in France.
Methods. A retrospective, matched, hospital-based casecontrol study was undertaken. A case patient was defined as a patient hospitalized in France between July 1999 and February 2000 with fever (temperature, у39ЊC), myalgia, and a laboratory-confirmed diagnosis of leptospirosis. A confirmed case was diagnosed either by culture, PCR, or a 4-fold increase in the anti-L. interrogans antibody titer. A probable case was defined by a single anti-L. interrogans antibody titer of у400. Case patients who had died by the time that the study was initiated were excluded.
Cases were identified using lists provided by the NRC of patients hospitalized between July 1999 and February 2000. Two control subjects per case patient were selected from among patients who were attending the same hospital as the case patient but who had received a diagnosis of a noninfectious disease and were matched on the basis of the following 4 criteria: sex, age group (!16, 16-30, 31-45, 46-60, 61-75, and у76 years), date of hospitalization ‫03ע(‬ days), and history of hospitalization in the previous month (р2, 3-7, or у8 days).
The investigators, who were doctors participating in a public health course organized by the Institut National de Médecine Agricole, were trained in the selection of control subjects and interviewed both case patients and control subjects using a standardized questionnaire. Investigators were not blinded to the case-control status of study subjects. Control subjects were recruited by selecting the first 2 patients on the list of the orthopedic services of the same hospital who satisfied all the matching criteria and who agreed to participate in this study.
Telephone-based interviews with both case patients and control subjects were conducted between March and June 2000. All study subjects were asked to provide sociodemographic details (e.g., sex and age), medical history before hospitalization (e.g., relevant vaccinations received and chronic illnesses), and possible exposures in the 3 weeks before hospitalization, which included reported skin lesions (e.g., cuts and abrasions); residential-based exposures (e.g., residency in a rural or urban setting and the presence of rats in the home); professionalbased exposures (e.g., occupation, type of workplace, and presence of rats therein); exposures associated with leisure activities, including those around the home (e.g., gardening), in the countryside (e.g., hunting), or in freshwater (e.g., swimming); and the frequency and type of contact with different animals.
Data were entered into Epi Info, version 6 (Centers for Dis- ease Control and Prevention), and Mantel-Haenszel matched ORs were calculated for the univariable analysis. A conditional logistic regression analysis, using Egret software (Serc and Cytel), was performed, which included variables identified by the univariable analysis as being associated with the outcome, using a conservative threshold of and/or an OR of P р .20 12.00. A backward-step selection procedure was used to obtain the best model, and adjusted ORs (aORs) were reported. Interaction between having skin lesions and the remaining variables in the final model was tested for. The etiologic fraction for matched case-control studies was calculated for each of the variables that, in the conditional logistic regression model, were independently associated with leptospirosis. Ethical approval for this study was obtained from the Commission Nationale de l'Informatique et des Libertés.
Results. A total of 124 patients with leptospirosis were reported to the NRC between July 1999 and February 2000, of whom 22 were excluded from further analysis because they were either not hospitalized (14 patients), had died (5), resided outside of France (2), or could not be traced (1) . Of the remaining 102 case patients, correctly matched control subjects were recruited for 90 (88%). Of the 189 control subjects who were recruited, 20 were excluded because of incorrect matching of age (11 control subjects), history of hospitalization (5), or having been hospitalized 11 month before or after the case patient (4). The matched case-control analysis was performed on 259 subjects (90 case patients and 169 control subjects): 79 case patients were matched with 2 control subjects, and 11 case patients were matched with only 1 control subject. of cases of leptospirosis could be attributed to skin lesions and that 30% could be attributed to contact with wild rodents. The risk of leptospirosis associated with canoeing was very high, but only 10% of cases could be attributed to this exposure (table 1) .
Discussion. This study is among the first to identify and quantify the risk factors for sporadic leptospirosis in France. Of the 4 exposures identified as being independently associated with leptospirosis, none were exclusively professional. This corroborates the evolution of the epidemiology of leptospirosis in developed countries, where the disease is becoming increasingly associated with leisure rather than professional activities [1, 4, 5] . The risk of leptospirosis associated with canoeing is very high, and this may be due to imprecision in the estimate, small sample size (only 1 control subject participated in this activity), a longer exposure period (because canoeists may spend long periods of time in or near freshwater), and a higher risk of transmission being associated with an increased likelihood of acquiring skin lesions or to the accidental ingestion of contaminated water. Nonetheless, leptospirosis is an important risk in some professions [8] , and the absence of an explicit professional risk factor may be indicative of the success of the control program in France [9] .
The control of leptospirosis is difficult because of the rarity of the disease and the ubiquity of possible exposure. France is one of the few European countries where an inactivated vaccine, which requires a booster dose every 2 years, against the serogroup Leptospira icterohaemorrhagiae is licensed for use in persons in specific professions [7] . However, its effectiveness is limited because it is serogroup restricted, offers protection against a minority (approximately one-third) of isolated serovars, and offers a short duration of immunity [9, 10] . The current vaccination program in France targets individuals with an identified professional risk through a frequent exposure to Rattus species and, by inference, to L. icterohaemorrhagiae [9] . The results of this study could apparently be used to support the extension of the guidelines for vaccination to include other leisure activities, such as canoeing. However, although further research is required, the benefits of enlarging the vaccine recommendations remain uncertain because of the small proportion of cases attributable to such activities and the limitations of the available vaccine.
Few outbreaks of leptospirosis have been reported in France, and improving surveillance would allow the early detection of outbreaks and the implementation of appropriate control measures [11] . This would require not only the availability of a sensitive, rapid, and cheap diagnostic assay but also an increased awareness among medical practitioners, as well as risk groups, of the disease [4] . In an outbreak of leptospirosis in Rochefort, France, an epidemiological investigation combined with an environmental survey, which demonstrated significant leptospiral carriage in feral rodents, led to a swimming ban in waterways identified as being at risk [11] . Furthermore, chemoprophylaxis with doxycycline was used as a secondary preventive measure in persons known to have been exposed [11] . Increasing awareness of leptospirosis among canoeists is an additional control strategy, although such campaigns have met with only limited success [12] .
The public health benefit of widening the recommendations for vaccination to include leisure activities remains doubtful because of the limitations of the available vaccine and the small proportion of cases attributable to canoeing. Further research is required, but alternative strategies, particularly increasing awareness of the disease among medical practitioners and water-sport enthusiasts, as well as improved surveillance, must also be considered.
